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Disposition

Implementing sustainable design strategies

Some definitions

Motivation for this work
Four proposed focus areas:
 Life cycle thinking
« Environmental stewardship
» Sustainability in the value chain

« Sustainability as a driver for innovation

Teaching eco-innovation / sustainable product development

Reflections and conclusions
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Eco-Innovation in the value chain:
An engineering task
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Eco-Innovation in the value chain:
An engineering task
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What’s in a name?
A few definitions

['Inkuku’, Ryan Frank] o ‘ [Thomas Owen, University of Derby]
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What’s in a name?
A few definitions

[A-Pump’ from Grundfos] [Mechatronic Cycle Lamps from Reelight] [Please chair from Steelcase]
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GLOBAL WARMING is soooo 2009

CLIMATE CHANGE
RESOURCE DEPLETION
CLIMATE INDUCED PANDEMICS
OVER POPULATION
INEQUITY
CLIMATE REFUGEES
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Resource depletion examples / Factor X

In 2050 we will need 8.5 planets to absorb the amount
of CO2 produced

DO
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oD

In 2050 it will take 3.5 planets to sustain the amount of
cement currently used
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In 2050 3.5 planets will be needed in order to meet
our current levels of wood consumption

.
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In 2050 3.5 planets will be required to meet our
current steel consumption levels
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DTU

[demi project, UK] E
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CO, per capita per country

Per-capita rank
from Wikipedia Tonnes per capita per annum
\ Rank  Country 1991 2000 2007
1.

Qatar 36.7 56.3 55.4
12. United States 18.9 20.0 18.1
27. Finland 11.0 10.1 12.1
37. Germany 12.0 10.1 9.6
43. United Kingdom 10.3 9.2 8.9
45, Denmark 11.9 8.8 9.2
65. France 7.5 6.2 6.1
72. Switzerland 6.2 5.4 5.1
74. Sweden 6.4 5.7 5.4
78. China 2.2 2.7 4.9
Brazil 1.4 1.9 1.9
India 0.8 1.1 1.4
Afghanistan 0.2 0 0
Mali 0 0.1 0
DTU

Aty
[Based on UN data published on Wikipedia]
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Total CO, production per country (2007 figures)

Per-capita rank

from Wikipedia CO2 per annum
Rank Country (mio. tonnes)
78. China 6,564.53
12.  United States 5,647.20
145. India 1,694.28
37. Germany 785.28
43.  United Kingdom 554.47
65. France 401.38
Brazil 365.56
Qatar 94.18
Finland 65.34
Denmark 51.52
Sweden 50.76
Switzerland 40.29
Afghanistan 0

Mali 0

DTU

Aty
[Based on UN data published on Wikipedia]
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Danger signs...

_ PELO MUNDO
Quantidade de veiculos por dez habitantes

[Folha, 23/10-2011]
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GLOBAL WARMING is soooo 2009

CLIMATE CHANGE
RESOURCE DEPLETION
CLIMATE INDUCED PANDEMICS
OVER POPULATION
INEQUITY
CLIMATE REFUGEES

or

SMART TECHNOLOGIES
ENGINEERING EFFICIENCY
CLIMATE TECHNOLOGIES

SUSTAINABILITY-DRIVEN INNOVATION
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“Technology just keeps getting better on its own” w. voung, ieu, 199

Husholdningsapparaters specifikke
elforbrug Husholdningernes bestand af elapparater Privat konsum og elforbrug i husholdninger
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Torretumblers

”... and it surely needs to!”

[Energistatistik 2005, Energistyrelsen, 2006]
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“IPAT”

Graedel and Allenby see environmental impact as a result of three factors:

Population [P] opulation
Gross Domestic Product (GDP) per person

potentially corresponding with quality of life [A] ffluence
Environmental impact per unit of per capita GDP

as the part influenced by technology [T] echnology

“Master equation”:

: : : GDP  environmental impact
Environmental impact = population x X

person unitof per capita GDP

Z | =PXAXT
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Challenges on the path to sustainability

Il

|

A product’s use is not (traditionally) defined by the designer, but
does the designer have a responsibility for how products are
used?
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Challenges on the path to sustainability

Consumers do not feel the consequences of
their own personal consumption.

[Basodino Glacier, Canton Ticino, Switzerland
1952 and 2005]

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development


http://www.dtu.dk/

Challenges on the path to sustainability

Environmental and social responsibility is a collective issue, but
consumption is individual.
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Two problems of material product ownership (1)

» Product usage
» The emerging pattern of environmental load vs. responsibility

WASHING MACHINES
Cradle-to-grave assessment of environmental impacts
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ERCENTAGE CONTRIBUTION OF LIFE-CYCLE STA(

=t ~
Production Distribution Use Disposal

Traditional producer responsibility + WEEE
> —

Here’s where the action is!
—
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Two problems of material product ownership (2)

» Consumerism

WASHING MACHINES
Cradle-to-grave assessment of environmental impacts
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Consumerism Is also designed

[Whiteley, 1993]
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How to break this spiral through design?

Four proposed focus areas:
1. Think, design and communicate in terms of lifecycle, not just product
Ingrain environmental stewardship into the whole business

Mandate sustainability in the value chain

WASHING MACHINES

Cradle-to-grave assessment of environmental impacts

Viewing sustainability (and not just technology) |
as a driver for innovation
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Focus area 1:

How to think, desigh and communicate in terms of lifecycle
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The size and nature of ecodesign

What’s so special about ecodesign

(or Design for Environment)?

Isn’t it just another DfX ..?
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The size and nature of ecodesign

Design for ...

Flexibility
Efficiency
Environment

Risk

Planning [ ¢ ) | B;_EOSt "
Manufacture 3« v _— DI —Assembly

) | __— Df — Manufacturing
Assembly 1'% g Df — Usability
Test . e L~ Df — Quality
Logistics ¢ » ¢ Df — Servicability
Sales - .+ + o Df — Environment
Installation ¢ ¢ ) [ /
Use S
Service » & o)
Termination » « o)

Recycling » « o)
Disposal o .)‘
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The size and nature of ecodesign
Ecodesign is a complex DfX task

Acidification
Biodiversity
Carcinogenics

Climate change

Co,

Consumerism
Corporate social responsibility
Disassembly

Drought

Ecobalancing
Electronic waste
Energy consumption
Equity

Eutrophication

Fast turnover of goods
Flash-floods

Food crisis

Global warming
Greenhouse effect
Hazardous substances
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Incineration
Inefficiency
Lead-free everything
Materials selection
Ozone layer depletion
Packaging

Peak oil

Photosmog

Population growth
Producer responsibility
Recyclability

¥y ¥ ¥y ¥y ¥y ¥y vyY]

Resource depletion
Reuse

Smog

Sufficiency

Toxic emissions
Transportation effects
Water shortage
Weight
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What is product life thinking?

Development of: Goduct Life Cycle

H— M= _ Product Life
Product — — = = Product ~ . Phases

Manufacture
Assembly «
Test D
Logistics o o ¢
Product Life Sa?es — ,)3

Systems ~ _< Instaliafion ¢ ¢ +)
Use S
Service . ‘E
Termination » « )

Recycling s ¢« o>
Disposal —» v 4}
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Reasons for being product life oriented

“For sustainable product development, it is essential,
to first design total product life cycle in order to
make reuse/recycling activities, more visible and
controllable, and then to design products
appropriate, to be embedded in the life cycle.”

[Kimera & Suzuki ’96]
CIRP ECO-performance ’96 seminar
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Life cycle design of a typical industrial kitchen

' Materials Production  Distribution Use Disposal

——,
Prep. Filling» JHeating Cleaning JStorage
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Product life cycle gk || , LA«T
(with product life
phases)

\ - ,A Product life
A , - systems
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Environmental effects only occurin a : ) ) A
”meeting” between the product, an 4 , o : _Ctor
actor and a product life phase system > : - o .

[Olesen, 1992] One possible DTU

TS Y solution =
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Two main types of Product Life Gallery
Summative
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& Life cycle workshop,
l Steelcase USA, Sept. '09
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Focus area 2:

Ingraining environmental stewardship into the business
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We’re not short of tools...

AT&T Product Improvement Matrix LCA Results Workshop TEAM™ IE

BEES (Version 4.0) LCALight The Boustead Model (Version 5.0)
CMLCA (Version 4.2) LCAPIX (Version 2.0) TRACI

Concept Demonstrators Life Cycle Design Manual Training pilot

DfE: Canadian Standards Association Materials Checklist UMBERTO (Version 5.5)

ECO It (Version 1.3) MET Matrices method US LCI DATABASE (Version 1.4.0)
ECOCLASS (Version 0.3) Metrics and Targets WISARD (Version 4.0)
Eco-Compass MIET (Version 3.0)

Ecodesign PILOT Pilot Projects » ... and many more

Ecodesign Strategy Wheel Pressures and Drivers Workshop
Eco-Indicator 95 Prioritising Workshop -
Eco-Indicator 99 PROMISE Manual Proclnk tLiv .
EcolLab (Version 5.3.2a) REGIS (Version 2.2)
ECOSCAN (Version 3.0) SIMAPRO (Version 7.1)
EDGE (Version 3.1) SoFlI

EDT (EcoDesign Tool) SPINE@CPM
Environmental Champions TEAM™ (Version 4.0)
Environmental Performance Indicators

GaBl (Version 4)

GaBI DfX

GaBi Lite

GEMIS (Version 4.42)

IDEMAT

IVF Handbook

KCL-ECO (Version 4.0)

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
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Observation of industrial ecodesign achievements

Philips

Single focus Full scale eco-implementation in
Eco-redesigns ’first-mover” corporations

Danfoss
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Observation of industrial ecodesign achievements

Philips

-

Single focus Full scale eco-implementation

\ ‘
@h ﬁ Eco-redesigns in first-mover corporations
S The chasm of non-eco.

Most companies fit into

this category
\ Danfoss
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Danish Campaignh - Environmental Improvements through
Product Development
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Project background

Customer: Danish EPA

Project partners: DTU & IPU, in
collaboration with the Confederation of
Danish Industry (DI)

Case-companies: Coloplast, Fritz
Hansen, Gabriel, Grundfos, Lego

Aim: To strengthen the stewardship
and implementation of methods for
sustainable design in Danish industry

Result: A short handbook describing a
framework for sustainable product
development
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- Quick and easy tools
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Winlolalife tryining



http://www.dtu.dk/

- . .8 p e | = T
A — [ 1
— . - I " >
i - sl = '
. -~ ~ A/

Valtie=éhain consid® jar?o"h’:/ K
1] // |

I‘,'
f

. N

i


http://www.dtu.dk/



http://www.dtu.dk/

Based around a chosen . ; o/
product

Colleagues from many 2
disciplines involved

Value chain taken into
consideration

Series of action elements  / O
and priorities identified - \ XX
and developed |
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A methodology emerges

Step 1

How is the product used? By whom? For how long? The central issue here is to

Use context uncover the environmental effects that relate to the product’s functionality for the user

Step 2

o . We expand our view to the lifecycle. How is the product manufactured,
verview distributed, and disposed of? Which environmental effects does this lead to?

Step 3

The environmental effects shall be split into four categories so they can

Eco-profil :
co-profile be compared. What are the reasons for the environmental effects?

Step 4

Draw a network of all actors who come into contact with the product.

FE Gl Plot the connections between these, and identify environmental effects.

Step 5
Put figures on the product’s environmental effects. P
Create scenarios for alternative processes, materials and Quantifying
life cycles. Consider the likelihood of the scenarios
Step 6
Try to remove or reduce the environmental effects by creating
solutions towards product- or life cycle changes. Use the  Conceptualisation
environmental principles provided and sketch eco-concepts

Steps 1-6 are an innovative, environmental-oriented experiment.
Extract your experiences from these steps and make a
generalised plan for your company’s environmental strategy: Step 7

Make an action plan for the environmental efforts for your company,

especially for product development Eco-strategy

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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Main output - A guide for product development

Guides printed/distributed: 6.000 (4.500 DK + 1.500 UK)

Available electronically L D Y
Link on www.kp.man.dtu.dk =~ ~° p Unapredenie zastite okoli$a kroz

- ra;: REOREZXELT, RIENE
Free of charge Y

No copyright

[JT1) Technical University
© Technical University of Denmark, Department of Mar oo OfDenmark
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Exercise:

Sustainability Adoption Survey
Your company has

,ny: Steelcase

Interviewer:

Exercise: 2
Company: Steelcase Interviewer
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First take a look inside the company

e “The solely economical assessment of
products must change into a well
balanced valuation of economical and
ecological issues. To fulfil these
requirements an optimised cooperation of
technological development, legislation
measures, and the social way of acting is
essential.”

[Feldmann, 1994]
Recy’94 seminar (CIRP), Erlangen

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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An organisation’s environmental readiness

Environmental communication
Environmental champion

Visible environmental goals in the company

Visible environmental reporting

Project team Environmental agenda in management

Working groups in Allocation of time for environmental thinking in NPD
the company

External partners Focus on environmental competencies in the company
or network

Collaboration and network Organisation of the environmental task

[Adaptation of Startup wheel (from Startup Company)]
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An organisation’s environmental readiness

Environmental communication
Environmental champion

Visible environmental goals in the company

Wh% Visible environmental reporting

Project team § M Environmental agenda in management

Working groups in Allocation of time for environmental thinking in NPD
the company

External partners Focus on environmental competencies in the company
or network

Collaboration and network Organisation of the environmental task

[Adaptation of Startup wheel (from Startup Company)]
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An organisation’s environmental readiness

Organisationens miljemaessige

‘f,\h ,;

\)'l/ W}]f ’
.

\\\ v m
: 3\:‘ e

i

_,/////// )
W,

//

/4

/
\

Samarbejde og netvaerk

Technical University of Denmark, Departme
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Innovating in the value chain:
PSS example from Rolls Royce

Customer activity cycle
Spare

engine
leasing

Component
repair

eI Elacl Maintenance Planning
& overhaul flight

Line
maintenance

Appent Predictive

e GEhER S

Documenting’  ©
operational
performance

Parts life
management In flight

operation

In-service Condition

support monitoring DTU
Al

[Own observations and
interpretations, from literature] -s—-
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Innovating in the value chain:
PSS example from Rolls Royce

Engine Health Monitoring

Engine in operation

Sensors

Operations Room

8
linténance -

W
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Sustainable design in a broader perspective
Research work in Colombia, 2009
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Developing Industries in Colombia, 2009

Oil and gas Small, Family owned and
Mining administered business

Agro-industry Conservative
Renewable energy Local Thinking

Oleo-chemistry (e.g. from Low capital
palm oil) Risk aversion

Mobility
Health
Tourism
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Focus area 4:

Sustainability as a driver for innovation
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Workshop 2: Panasonic, Steelcase, Coloplast, LEGO & Velux in Copenhagen -
Sept_er]lber 2010
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A simple coding system:

 Bluetext — Tools & methods

* Red text — Organisational aspects
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Teaching ecodesign / sustainable design:
Cases from the classroom
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Development of research and teaching focus in our group

Engineering Design
Engineering Design + Product Development

Engineering Design + Product Development +
Design & Innovation

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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Competency as an aim for university learning

» Creating professional engineers with not just knowledge and
skills, but also attitude, experience and competency

Abstract | I

—_—

Expertise
/ Competency

/ Experience

/ Knowledge
/ Information

I Data
Concrete

Value / Degree of usefulness

[Mental model by McAloone]
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Educational concepts for innovation (1/2)

» Strong focus on competencies in three main areas:

Socio-technical

Creative/synthesis competencies
competencies

Technical engineering
competencies

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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Educational concepts for innovation (2/2)

» T-Shaped professionals

Many multi-cultural-team service projects completed
(resume: outcomes, accomplishments & awards)

Many disciplines Many systems

(Buinjos wisjgoid 7 Buuiyl anAreue)
auldiosip auo ul deaQ
(Buinjos wiajgoud 7 Buuiyy anAreur)
walsAs auo ul deaq

[Jim Spohrer, IBM, 2011
(after Tim Brown, IDEO)]
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Semester themes

The Design & Innovation education programme
(Bachelor level)

ol IS 10

41010 User-oriented design

Meet the world of technology

The good product

Design engineering

Product synthesis

Innovation for sustainability

Concept innovation

15

41012 Visual
communi-
cation

42020 Product analysis and redesign

41030 Mechatronics
engineering design

42040 Workspace design

Opticonal subject
42050 Product service
systems

Bachelor project

41031
Industnal
design

42041 Design
of work pro-
cesses

Opt. subj.
41051 Prod.
life and envi-
ronm. iss.

20

42011
Product usa-
bility and
design

42021
Technology
analysis

Optional
subject
41818
CAD/CAM

Optional
subject

Optional
subject

42061
Scenarios
and concepts

25

30

41015 Mechanics and

materials

41025 Ob-
ject-orien-
ted design
and progr.

41035
Dynamics
and vibra-
tions
41026
Electronic
design

025685 Light,
materials,
visuality

Optional
subject

01007 Linear
and differen-
tiable mathe-
matical mo-
dels

41045
Thermo-
dynamic
modelling

01037
Signals and
linear
systems

41065 Fields
and flows

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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The Design & Innovation education programme
(Masters level)

Specialisation in innovation management
Point: 5 10 15 30

Specialisation in systems design Optional
Point: 5 10 15 subject

Specialisation in product design

semester

7 41071 Deve- 41072 Design Optional Optional subject
lopment pro- for inter- subject subject
41080 Design methods jecis m.com- achion
panies Optional
42085 Stra- 41083 Tech- Optional Optional subject
tegy, design nology plat- subject subject
42070 Holistic design and market  forms and
architectures
42075 Know- 42051 Pro- Optional Optional
ledge and ducts and subject subject
innovaticn in  consumpt. in
networks everyday life

10 Exam project

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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First semester project - user-oriented design
Analysis meets synthesis

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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Second semester project - analysis and redesign
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Third semester courses
Industrial desigh meets mechatronics - or Form vs. function

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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Pride in product development!
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Fifth semester project - Sustainable product/service-system

design

From washing machine to clean clothes

CLOTHES
MANUFACTURER

ENVIRONMENTAL | .-
ORGANISATION

VIRTUAL

LAUNDRY
!

WARDROBE | =

LAUNDRY /\O

N

MACHINE

BASKETS

AR

GOVERNMENT

WASHING DETERGENT v

MANUFACTURER

MANUFACTURER

RECYCLING
CENTRE

[design.ing student project, 2005] I]TU

A
A
-
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Fifth semester project - Sustainable product/service-
system design

From tumble dryer to integrated drying and hanging system

S

"»-~,:f§j-"1[f1%rnet [I 'I'U

Aty
[design.ing student project, 2006] ........."
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Building design course
25/2-2010
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Reflections

Tools for product analysis and redesign are good and useful, but
not the answer alone

Companies still need easily accessible methods for ecodesign,
and need help in implementing them

Design the life cycle first — it affects the product too

The company must take on responsibility in the value chain —
there’s also lots of business to be won here

Sustainability can be seen as a driver for innovation

All of this is, of course, teachable - but it's equally as important to
make sure that it's learnable!

© Technical University of Denmark, Department of Management Engineering, Section of Engineering Design and Product Development
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Questions?
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Technical University of Denmark DTU

Tim McAloone <=

DTU Management Engineering <=
Engineering Design and Product Development —
Building 426, Produktionstorvet, DK-2800 Kgs. Lyngby

Denmark

Telephone (+45) 4525 6270 Email tmca@man.dtu.dk
Homepage www.kp.man.dtu.dk
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